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tion of Giant Pulses from the Pulsar PSR B1112+50
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We deteted giant pulses from the pulsar PSR B1112+50. A pulse with an inten-
sity that is a fator of 30 or more higher than the intensity of the average pulse is
enountered approximately one in 150 observed pulses. The peak .ux density of the
strongest pulse is about 180 Jy. This value is a fator of 80 higher than the peak .ux
density of the average pulse. The giant pulses are narrower than the average prfile
approximately by a fator of 5 and they luster about the enter of the average prfile.
Key words: pulsars and blak holes; neutron stars, giant pulses.
1. Vâåäåíèå
Giant pulses (GPs) are short-duration burst-like inreases in the intensity of individual
radio pulses from pulsars. These are rare events observed only in three pulsars: the Crab
pulsar PSR B0531+21 (Staelin and Sutton 1970), the milliseond pulsars PSR B1937+21
(Wolszzan et al. 1984), and PSR B1821.24 (Romani and Johnston 2001).
For normal pulsars, the intensity of individual pulses exeeds the intensity of the average
pulse by no more than several fators (Hesse and Wielebinski 1974; Rithings 1976). The
GPs in the Crab pulsar PSR B0531+21 exeed the average level by a fator of 20 to 2× 103
(Lundgren et al. 1995). The GPs in the milliseond pulsar PSR B1937+21 and PSR B1821-
24 exeed the average level by fator of 20 to 300 (Wolszzan et al. 1984; Cognard et al.
1996) and 20 to 80 (Romani and Johnston 2001), respetively.
Kuzmin and Losovskii (2002) deteted an extremely high brightness temperature TB ≥
4× 1035 K of GPs in the milliseond pulsar PSR B1937+21.
The GP duration is muh shorter than the duration of the average pulses from this pulsar.
*
Eletroni address: ershovprao.psn.ru
**
Eletroni address: akuzminprao.psn.ru
2The GP width for the milliseond pulsar PSR B1937+21 at frequenies of 430, 1420, and
2380 MHz does not exeed 10 ms, whih is a fators of 10 smaller than the width of the
average profile, 100 ms (Kinkhabwala and Thorsett 2000). The GP position is stable inside
the average profile.
A harateristi feature of the pulsars with GPs is a two-omponent intensity distribution:
lognormal for most of the pulses and a power-law N ∝ Sα for GPs with intensities above a
ertain level (Gower 1972; Lundgren et al. 1995).
The power-law index for the Crab pulsar is α = −3.3 (Argyle and Gower 1972; Lundgren
et al. 1995). The boundary at whih the distribution hanges its pattern orresponds to
about a 30-fold intensity of the average pulse. GPs aount for about 2.5
Johnston et al (2001), Cramer et al. (2002), and Johnston and Romani (2002) reported
the disovery of a new type of GP - mirostruture in the Vela pulsar and PSR B1706.44. The
intensity distribution of this mirostruture also ontains a power-law branh with indies
of −2.85 and −2.7, respetively. However, in ontrast to lassial GPs (in PSR B1821.24,
and PSR B1937+21), the exess intensity of the average pulse is less than a fator of 10 and
4 for the Vela pulsar and PSR B1706.44, respetively.
Attempts to find GPs in other pulsars (Phinney and Taylor 1979; Johnston and Romani
2002) have failed thus far.
We deteted GPs from PSR B1112+50, whih exhibit the harateristi features of GPs.
2. OBSERVATIONS AND DATA REDUCTION
Our observations were arried out from January 9 through June 30, 2002, with the Large-
Aperture Synthesis (BSA) Radio Telesope at the Pushhino Radio Astronomial Observa-
tory of the Astrospae Center of the Lebedev Physial Institute. The telesope has an
effetive area of about 20000 square meters at zenith. One linear polarization was reeived.
We used a 128-hannel reeiver with the hannel bandwidth ∆f = 20 kHz. The frequeny
of the first (highest frequeny) hannel was 111.870 MHz, the sampling interval was 0.922
ms, and the time onstant was τ = 1 ms. We observed individual pulses. The duration of
one observing session was about 5 min; 180 pulses were observed during one session.
We measured the GP flux densities using the alibration method based on noise measured
from disrete soures with known flux densities in units of radio telesope flux sensitivity
3∆S. The pulsar peak flux density of the observed pulse Smax−obs was determined from the
relation
Smax obs = δS/kPSR × (∆f × τ)
−1/2
× (S/N),
where kPSR = sin(hPSR) is the fator that takes into aount the dependene of the effetive
area of the radio telesope on pulsar height hPSR, ∆f = 2.56 MHz is the total system
bandwidth, τ = 1 ms is the time onstant of the output devie, and S/N is the signal-to-
noise ratio. Aording to Kuzmin and Losovsky (2000), ∆S was represented as
δS = δS1000 × (a+ b× TBB),
where δS1000 is the flux sensitivity of the radio telesope toward a sky region with the bright-
ness temperature T0 = 1000 . and Tbb is the brightness temperature of the sky bakground
toward the pulsar. We assumed ∆S1000 to be 100 mJy/MHz/s (Kutuzov 2000) and took a
= 0.4 and b = 0.0006 from Kuzmin and Losovsky (2000).
Over the above period, we arried out a total of 105 observing sessions ontaining 18900
pulsar periods. The peak flux density of the average pulse was Smax−obs ≃ 2.3 Jy. The
period-averaged .ux density was S ≃ 56 mJy.
We deteted 126 pulses whose peak fluxes exeeded that of the pulse averaged over
105 days of observations by more than a fator of 30; for 17 of them (one pulse per 1100
observed pulses), this exess was more than a fator of 50. The total flux densities of 114
pulses exeeded the total flux density of the average pulse by a fator of 10 or more.
Figure 1 shows two GPs as examples. Figure 1a shows pulse no. 31 of April 23 with a
peak flux density of about 120 Jy, whih is a fator of 50 higher than the peak flux density
of the average pulse.
Of the 126 pulses whose intensity exeeds the intensity of the average pulse by a fator of
30 or more, 36 belong to neighboring pairs or triples; hene, we an estimate the duration of
enhaned pulsar ativity to be several seonds. An example of suh a GP group is shown in
the lower figure, whih presents the strongest individual pulse in all 105 days of observations
(pulse no. 32 of January 16). This pulse has a peak flux density of about 180 Jy, whih is
a fator of 80 higher than that of the average pulse, and the total flux density of this pulse
exeeds that of the average pulse by a fator of 16. The large inrease in pulsar ativity
lasted for six periods, i.e., about 10 s.
Figure 2 shows one of the GPs (January 16, 2002) in omparison with the profile averaged
4over 105 days of observations. The peak flux density of the average pulse is about 1/10 of
the width of the noise trak of the GP profiles. Therefore, we inreased the average profile
by a fator of 80 for onveniene. TheGP width w50 = 4 ms = 0.9
◦
at a 0.5 level and w10 = 7
ms = 1.5◦ at a 0.1 level. The mean width of the 126 GPs w50 = 5.1± 1.2 ms = 1.1± 0.3
◦
at
a 0.5 level and w10 = 9±2 ms = 2±0.4
◦
at 0.1 level.The dispersion broadening ∆tDM = 1.1
ms and the reeiver onstant 1 ms have virtually no effet on the GP width. The width of
the pulsar profile averaged over 105 observing sessions is w50 = 24 ms = 5.2
◦
and w10 = 44
ms = 9.6◦ at 0.5 and 0.1 levels, respetively. Thus, the GPs are narrower than the average
pulse approximately by a fator of 5.
Figure 3 shows the phases of the observed GPs relative to the enter of the average
profile. The positions of GPs are stable inside the average profile and they luster in the
middle part of the average profile. The phase differene between the GPs and the average
profile is ΦGP − ΦAP = −1± 4 ms ≃ (−0.02± 0.1)× w10.
TB = Sλ
2/2kΩ,
where λ is the wavelength of the reeived radio emission, k is the Boltzmann onstant, and
Ω is the solid angle of the radio emitting region. Assuming the size of the radio emitting
region to be l ≤ c× w50, where c is the speed of light, and the distane to the pulsar to be
d = 0.54 kp (Taylor et al. 1995), we obtain TB ≥ 10
26
K for w50 = 4 ms and S = 180 Jy.
The GPs that we deteted are not sintillations. At the frequeny of our observations
(111 MHz), the interstellar sintillation time sale (the time orrelation radius) for a pulsar
with the dispersion measure DM = 9.16 p cm−3 is about 1 min and 1000 days, respetively,
for refration and diffration sintillations (Shishov et al. 1995), whih signifiantly exeeds
the duration of the observed GPs (less than several seonds). No GPs were deteted in
several pulsars with similar or lower dispersion measures observed during this period.
3. DISCUSSION
The GPs that we deteted from PSR B1112+50 exhibit the harateristi features of
lassial GPs from PSR B0531+21 and PSR B1937+21. The GP peak intensity exeeds the
peak intensity of the average pulse by more than a fator of 30. The fration of GPs (0.7
Figure 4 shows distribution of the ratio R of the peak flux densities of individual pulses
from PSR B1112+50 to the peak flux density of the average pulse (in equal bins of the
5logarithm of R) inferred from our observations. The distribution was onstruted from 3320
pulses whose intensity exeeds the sensitivity threshold of our radio telesope. It exhibits the
features of a two-omponent struture harateristi of GPs: a lognormal distribution for
IGP/IAP < 30 and a power-law distribution for IGP/IAP > 30. The dashed line represents
the least-squares-.tted lognormal distribution F (lgR) = A × exp(−B × (lgR− C)2), where
A = 0.03, B = 9.4, and C = 1.03. Here, F is the ratio of the number of pulses with a given
logR to the total number of pulses. The solid line represents the power-law distribution
F ∝ (IGP/IAP )
α
. The index α ≃ −3.6 of the power-law part of the distribution needs to be
refined beause of poor statistis.
The absene in our observations of GPs exeeding the average pulse by more than a fator
of 80 for PSR B0531+21 and PSR B1937+21 may stem from the relatively small (beause
of the long period of PSR B1112+50) number of observed periods, 18900 (ompared to more
than 106 for PSR B0531+21 and PSR B1937+21). For these pulsars, pulses that exeed the
average level by a fator of 80 our approximately one in 105 pulses.
Note that PSR B1112+50 does not belong to the group of pulsars with the strongest
magneti .elds on the light ylinder, an integrated radio luminosity, and a potential di.erene
in the polar-ap gap (Kuzmin 2002). Therefore, the GP of this pulsar may be different in
nature.
4. CONCLUSIONS
We deteted GPs from the pulsarPSRB1112+50. At 111 MHz, the peak flux density of
the strongest pulse is 180 Jy, whih is almost a fator of 80 higher than the peak flux of
the average pulse. Pulses whose peak intensities exeed the peak intensity of the average
pulse by more than a fator of 30 our approximately one in 150 periods. The GPs are
approximately a fator of 5 narrower than the average profile and they luster in the middle
part of the average pro.le. The brightness temperature of the observed GPs is TB ≥ 10
26
K.
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85. FIGURES CAPTIONS
Fig. 1. Examples of GPs from PSR B1112+50: (a) - a single GP with a peak intensity
of 120 Jy, (b) - the strongest GP with a peak intensity of about 180 Jy, whih belongs to
the series of six strong pulses.
Fig. 2. The strongest GP from PSR B1112+50 shown with the average pulse. The
amplitude of the average profile was inreased by a fator of 80.
Fig. 3. The phases of the observed GPs relative to the enter of the average profile.
Fig. 4. The distribution of peak intensities of individual pulses from PSR B1112+50. The
ratio R of the GP peak flux density to the peak flux density of the average profile is plotted
along the x axis. Equal intervals orrespond to an inrease in the GP flux density by the
same fator. The ratio of the number of GPs exeeding the peak flux density of the average
profile to the total number of observed pulses is plotted along the y axis. The dashed line
represents the least-squares-fitted lognormal distribution F (lgR) = A×exp(−B×(lgR−C)2)
and the solid line represents the power-law distribution F ∝ (IGP/IAP )
α
.
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